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148 IOWA ACADEMY OF SCIENCES.
severity of the disease. We should also observe that
flowers are occasionally affected, but not so severe
as in 1894. The disease gradually subsided by the
middle of July and early August.
B. Sorghi W. A. Kellerman.
Not severe. It occurred on Andropogon Sorghum var
Halepense and A. Sorghum (Sorghum).
B. cloacece (Jordan).
On Zea mays; not abundant.
B. campestris Pammel.
Not observed in 1895.
SOME ANATOMICAL STUDIES OF THE LEAVES OF
SPOROBULUS AND PANICUM.
EMMA SIRRINE AND EMMA PAMMEL.
Numerous writers have called attention to the value of
anatomical studies for diagnostic purposes in the recognition of
Phaenogams. We may note in this connection the paper by
Pfister,, who has made a comparative study of the leaves of
some palms.
The author considers anatomical characters of value because
so many palms are collected without flower or fruit. Bertrand8
in a general paper considers the characters and important
points to be observed in making anatomical studies of this
kind. He notes that we must not lose sight of: 1. Inequalities
in the grouping of subdivisions with the association of higher
groups. 2. The paucity of material of certain forms, many
intermediate species having disappeared in the lapse of time.
These objections hold with equal truth to the characters now
used in the classification of Phaenogams. He states that there
are good differential characters in fibro vascular bundle found
in Gymnosperms, vascular cryptogams and Phaenogams, but
the arrangement of the fibro- vascular bundle is of less value.
For the families such characters as the veins of leaf; develop
ment of stomata; secretion reservoirs; arrangement of inner
phloem; for species the cuticle and trichomes are of value in
diagnosis.
iBeltraege zur verleichenden Anatomle der Sabaleen Blartter. Inaugural Diss. Z
plates, Hofer and Burger (1892) Abst. Bot. Centralblatt, LI, p. 300.
2Des caracteres que l'anatomlne peut founlr a classification des vegetaux, pp. 54-
Antun (Dejussieu) 1891, Abst. Bot. Centrablatt Vol. L. p. 375.
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Priemer3 states that peculiar hairs, epidermal cells, crystals
cystoliths are of value for diagnostic purposes in the order
Ulmaceae.
Bordet4 has made some anatomical studies of the genus
Carex. He concludes that in this genus anatomical characters
do not offer any material aid in the separation of species.
Although some good characters are found in fibro-vascular
bundles.
Mez, who has made an exhaustive study of cystoliths and
anatomical characters found in the sub-family Cordieae of the
order Borraginaceae, finds that hairs are very characteristic
and are certainly valuable from a systematic standpoint. Nor
should we omit in this connection the valuable paper by Sol-
ereder5 on the value of the wood structure in dicotyledonous
plants, Holle6 who has made an exhaustive study of the order
Saxifragaceae calls especial attention to the structure of pith
cells of Qunoniece, the characteristic wood cells in certain gen
era, and crystals in the tribe Eydrangeae.
K. Leist7 who has likewise made a study of Saxifragaceae
concludes that the species of this order offer characters which
makes it easy to separate them into groups, but this grouping
does not always conform to the present systematic position of
its members. Nevertheless general harmony prevails between
morphological and anatomical characters as to species.
Several other authors Christ7, Thouvenin8, Waldner9
and Engler10 have likewise studied this order with reference to
different organs and parts.
30ber seine unter Lietung von Prof.Prantl ausgefuehrten untersuch ungen uber die
Anatomine Ulmaceen. Bot. Centralblatt, Vol. L, p. 105.
4Recherches anatomiques sur le genere Oarex (Eevue generale de Botanique, Vol.Ill, 1891, p. 57-6*. Abst. Bot. Oentralblatt, Vol. LI, p. 116.
6Ober den systematischen Werth den Holzstructur bei den Dicotyledonen. B.
Oldenbourg, Muenchen. 1885.
•Beitraege zur AnatomiederSaxifragaceen und deren Systematische Verwerthung.
Bot. Centralblatt Vol. LIII. p. 33, 65, 97, 129, 161, 209.
'Beitraege der vergleichenden Anatomle der Saxifragaceen. Bot. Centralblatt Vol.
XLIII. p. 100, 136, 161, 233, 281, 313, 345, 377.
'Bettraege zur vergleichenden Anatomle des Stengels der Caryophylleen und Saxi-
frageen. Diss. Marburg, 1887.
83ur l'appareil de soutien dans les tiges des Saxifrages.
'Die Kaldruesen der Saxifrageen. Graz 1887.
i°Monographie der Gattung Saxifraga. Breslau 1872.
Synopsis of North American Pines, based on leaf-anatomy. Bot. Gazette, XI, p.
256, 302; plate VIII.
Die Anatomle der Euphorbiaceen in lhrer Beziehung zum system derselben. Sepa
rate Engler's Botamische Jahabucher, Vol. V, p. 384-421; plates VI and VII.
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Mention should be made of the splendid work of Coulter and
Rose on the anatomical characters found in the leaves of coni
fers and their value in the recognition of species. A subject
referred to long ago by Dr. George Engelmann. The work of
Pax on the anatomy of Euphorbiaceae, Trecul and others on
the stems of many plants.
It will not be necessary to give other references; the litera
ture is quite extensive. More work should be done along this
line. We should study the biological relations and the conse
quent peculiar anatomical structures of plants. It is a field
full of interest. Theo. Holm has called attention to the value
of this kind of work in studying our flora.
Ganong, in a recent paper with reference to biology and
morphology (Present Problems in Anatomy, Morphology and
Biology of Cactaceae, Bot. Gazette, Vol. XX, p. 130), says:
' 'As to the tissues, it is enough here to say that the character
istic xerophilous appearances are strong cuticle, thick epidermis,
perfect cork, sunken stomata, collenchymatous hypoderma,
deep palisade layers; great development of pith and cortex,
which consists of large, round, splendidly pitted water-storing
cells, often containing mucilage * * * ." The whole sys
tem conforms closely to the external form and follows its
morphological changes. We notice this especially because the
same thing holds true in other plants outside Cactacece, especi
ally grasses. Great difference occurs between such plants as
are habituated to humid climates and those occurring in a dry
climate. This offers, indeed, a great field for investigation.
ANATOMICAL STUDY OF GRASSES.
Theo. Holm has done well in calling attention to some ana
tomical characters of North American Gramineae. In speaking
of the studies which had been made he says: "The impor
tance of studies of that kind was very clear; they not only fur
nished additional and often even more reliable systematic char
acters, but the extended study of anatomy into wider fields than
ever before, until anatomy has become one of the most impor
tant modern lines of botanical science." He emphasizes the
importance of internal structure, as it will give a striking illus
tration of the physiological life of the plant. It will not be
necessary here to refer to earlier writers on the subject; suffice
3
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it to say here that Duval, Jouven, Hackel13, Giliitz13, Samsoe,
Lttnctjj and Beal15 have made valuable contributions.
Theo. Holm1B has studied Uniola latif61ia, U. gracilis, U. nit-
ida, U. paniculata and U. Palmeri, Distichlis, Pleurogogon and
Leersia.
From a study of some of the species of Uniola growing under
widely different conditions, he concludes, that of the five spe
cies, the genus show anatomical structures by which they may
be easily distinguished.
He says of the genus Distichlis, that, "Considered altogether,
the anatomical structure of the leaf in the genus Distichlis is
very uniform, and it does not seem possible to give any
special characters by which either of the varieties or the sup
posed species thalasica and prostata may be distinguished from
the species maritima; because we have seen that male and
female specimens of this last show variations among them
selves nearly equivalent with the differences in the two varie
ties and subspecies." Of Pleuropogon, he says: "Considering
now these three species of Pleuropogon together, it is evident
that they are, in spite of their great similarity, easily distin
guished from each other" by certain anatomical characters
taken from leaf blade.
THE GENUS SPOROBOLUS.
The species of the genus Sporobolus are nearly all western or
southern. Those occurring in Iowa are characteristic western
plants and well adapted to dry climate conditions. The follow
ing species of Sporobolus were studied: Sporobolus heterolepis
Gray; S. cryptandrus Gray; S. Hookeri, S. vaginaflorus.
SPOROBOLUS HETEROLEPIS.
The epidermal cells (e) are rectangular in shape, with a
strongly developed cuticle (c); they vary but little in size.
The bulliform cells (b) occur between each mestome bundle (m),
except between the last few at the tip of the leaf, where it is
occupied by the streome (st.). The bulliform cells occur in four
or five rows, a large central cell and three or four smaller cells
11HIstotaxle des feullles de Gramlnees.
12Monographia Festucarum Europaearum, 1882.
is Untersuchungen ueber die anatomlsche Structur der Gramlneenblaetter, etc.
Inaug. Dissert. Leipzig, 1886.
» Vejlednlng til at kjende Graesser 1 blomterlos Tllstand, Kjobenhavn, 1882.
15Grasses of North America for farmers and students.
i» A study of some anatomical characters of N. America Gramineae. Bot. Gazette,
Vol. XYi. p. 166, 217, 275.
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on each side. The strongly involute character of the leaf is
due to the bulliform cells.
The carene (c') is occupied with one mestome bundle; this
bundle is somewhat different than the others, as it is sur
rounded on the upper side by chlorophyll bearing parenchyma
while the lower side contains stereome.
The mestome bundles on right and left of carene are entirely
closed (i. e. , entirely surrounded by chlorophyll bearing paren
chyma). This species is provided with three different types of
mestome bundles; the first occurs in carene; this has stereome
on lower side in contact with leptome; the second, those which
have stereome both on lowtr and upper side, in contact with
leptome and hadrome; and third, those that are entirely closed.
Those that are entirely closed occur alternate with those having
stereome on upper and lower surface. As to the mestome
bundles, there are, in this species, five on left side of the carene
and seven on the right side. On the left, the leaf terminates
with one closed mestome bundle. The right side of the leaf
terminates with three mestome bundles. The mestome bundles,
except those at the tip of the leaf, are separated from each
other by the bulliform cells and three or four layers of colorless
parenchyma. The uncolored parenchyma is more conspicuous
near the median nerve, where it is quite strongly developed.
In this species the mesophyll does not occur between the
bundles but is found only in immediate contact with chlorophyll
bearing parenchyma (c b p).
The uncolored parenchyma cells are in immediate contact
with stereome. The mestome bundles are entirely closed and
do not have leptome (1
) and hadrome (h) so well developed as
in the other bundles. The leptome in the open bundles (i. e. ,
having stereome in contact with both leptome and hadrome)
seem to be in two parts, there being a depression on upper side
of leptome.
The stereome occurs on the upper side of all bundles, and
also on the lower side of all bundles except those which are
entirely closed.
Below the uncolored parenchyma connecting the mestome
bundles we find the stereome. The stereome occupies a prom
inent place on the sides of the leaf, forming on the left two
triangular groups of cells separated by two layers of uncolored
parenchyma. On the right side three such groups occur
between the last four mestome bundles.
*
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The chlorophyll bearing parenchyma can be divided into
two parts. First, large parenchyma cells surrounding the
bundles; these consist of rather large cells somewhat roundish
in shape; second, elongated cells in one or more rows around
the first.
SPOROBULUS CRYPTANDRUS.
The epidermal cells in this species do not differ from those
described for S. heter61epis. The bulliform cells (b) are some
what larger than those in the first species, usually two or three
quite large cells and two smaller on each side. One or two
groups of bulliform cells occur between a large mestome
bundle, and, as in S. heter61epis, these do not occur between
the last two bundles.
The carene (cl) has one mestome bundle (m) which is open on
both sides. It is somewhat larger than other mestome bundles.
The leptome (1) and hadrome (h) are separated from each other
by thick- walled parenchyma (p1); two rows of thick parenchyma
occur around the leptome.
The mestome bundles are of three types: First, those open
above and below; second, those open above only, and third,
such as are entirely closed. Those of the third type are
more numerous than others. One mestome bundle is
entirely closed and at the side of the leaf, those of the third
type alternate with those of the second and first types. The
second type is more numerous than the first. Ten bundles
occur on each side of the carene. The mestome bundles of the
third type are usually found between two groups of bulliform
cells. The chlorophyll bearing parenchyma (c
. b. p.) is about
as in S. heterolepis. The leptome in this species differs from
leptome in S. heterolepis in not being depressed on the upper
side.
The stereome (st) is found on the lower side of all bundles,
and also upon the upper side of all bundles except those of the
third type. The cells of the sterome are not so thick walled as
in S. heterolepis.
The mesophyll consists of elongated cells in one or two
rows around each mestome bundle. There seems to be mesophyll
connecting the bundles beneath the unclosed parenchyma. The
unclosed parenchyma is found in one or two rows around the
bulliform cells in contact with the mesophyll.
SPOROBOLUS HOOKERI.
The epidermal cells (e) of this species are small, thick
walled and uniform in size, they are more roundish than in 6
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other species. The cuticle (c) and cell wall, are well developed in
this species. The leaf is strongly involute on the upper sur
face and here we also find papillae.
The bulliform cells (b) are also much larger than in the
other species, there being four to six in a row, sometimes one
large central cell and sometimes two large central cells with two
smaller bulliform cells on either side of the large ones.
The carene (c), in this species consists of five mestome
bundles (m), three very small, a large central, and one medium
in size. The leptome (1) and hadrome(h) are fully developed in
the two large bundles. The hadrome is separated from the
leptome by two layers of thick walled parenchyma. One small
mestome bundle occurs on each side of the medium bundle.
The mestome bundles are all connected with each other by
the mesophyll (m).
The mestome bundles number thirty- eight, eighteen on
left and twenty on right side of carene (c). In this species three
types of bundles occur: First, those open on both sides;
second, those open above only; and third, those entirely closed.
Those of the third type are of two sizes one very small, the
other somewhat larger. The mestome bundles of the third
type predominate. The sides of the leaf terminate with a
closed bundle. In the mestome bundle of the second type the
leptome and hadrome seem to be in immediate contact with
each other, but in those of the first type they are separated
by thick- walled parenchyma. The chlorophyll bearing paren
chyma does not differ materially from that found in other
species.
The stereome (st) is on the lower side of all the bundles and on
the upper side of those of the first and second type. The leaf
also terminates with irregular groups of stereome. The ste
reome is quite well developed in the carene where it occurs
in large groups.
The mesophyll (mes) in this species connects the different
mestome bundles and consists of both round and elongated
cells.
The uncolored parenchyma is more strongly developed in
this than in any of the other species of Sporobolus studied. It is
prominent in the midrib, where it occupies the space above the
five mestome bundles. It also occurs immediately below the
bulliform cells and on the upper side of the mestome bundles
7
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(m) of the second type connecting these bundles with the
stereome.
SPOROBOLUS VAGINAEFLORUS.
In this species the epidermis (e) resembles that of other
species except the cuticle (c) which is much more fully devel
oped.
The bulliform cells (b) in this species differ much from those
of other species, they are very irregular in outline, the cells
ranging in number from eight to ten, and occur almost the
entire length of the leaf except near the sides where we find
the uncolored parenchyma (p).
The carene (c') consists of one mestome bundle which has
stereome in contact with leptome (1). This is the only bundle
which is open. On either side of this median bundle there
are three or four small closed bundles. The leptome and had-
rome (h) are separated by thick walled parenchyma. The
mestome bundles number twelve, five to the left and six to the
right of the carene. The bundles are of two types: first the
median one which is open below and the second, closed;
the bundles of this latter type are of two sizes, one very much
smaller and the other nearly as large as that of the median
nerve. The well developed leptome and hadrome in the median
nerve and the larger bundles of the second type are character
istic. The smaller mestome bundles predominate, numbering
nine in a leaf. The sterome occurs on upper and lower sur
face of the mestome bundles of the carene, and large sized
mestome bundles of second type, but none are found in contact
with smaller sized bundles.
The oells of the chlorophyll bearing parenchyma (c. b. p.) in
this species are much smaller than the cells of the other
species.
The uncolored parechyma (p) is found only at the edges of the
leaf above the last two mestome bundles.
PANICUM.
The large genus Panicum is widely distributed in tropical
and warmer countries with a goodly number in temperate cli
mates. The representatives studied by us are common species
in the Mississippi valley and southward. The three species,
P. capillare L., P. proliferum L., and P. crus-galli L , grow in
moist places or where there is considerable rainfall. The
weedy P. capillare is perhaps an exception, as it is adapted to
a wider range of climatic conditions, the structure of the leaf
8
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plainly shows that it can adapt itself to different conditions of
soil and moisture.
PANICUM CAPILLARE.
This species has a hairy appearance and is harsh to the
touch. The epidermal cells (e) are large, the cuticle (c) and
epidermal cell walls are thicker than in P. crusgalli and P.
proliferum, but not so well developed as in the genus Sporobolus.
The walls of the epidermal cells of the upper and lower sur
face of the leaf have small conical projections (cp). The end
of the leaf terminates in a small thickened point; on the edges
of leaf occurs a bundle of stereome (st).
The bulliform cells do not vary much from the epidermal
cells, they are somewhat larger, however, and vary in number
from three to five, the middle cell being the largest. The
carene (c') has one mestome bundle (m) differing from those of
secondary veins only in that it is larger, and being open on
both upper and lower side. The mestome bundles are of three
types: first, those which are open both above and below, second,
those which are open below, and third, those which are closed.
The leptome (1) is separated from hadrome (h) by thick walled
parenchyma (p). In this species the arrangement of mestome
bundles is irregular, the number varies from forty to forty-
three bundles in one leaf. There are from twenty to twenty-
two bundles on each side of the carene, and of these, three on
each side are of the first type, three of the second type and the
remaining of the third type. In the closed mestome bundles
the leptome and hadrome are not so well developed as in
those which are open. The stereome occurs on the upper and
lower surface of all open mestome bundles, while in those
which are closed it is found sometimes on the upper surface
and sometimes on the lower surface, and sometimes it is entirely
wanting. It consists of from two to four rows, bordering
immediately on the chlorophyll bearing parenchyma (c bp).
At the sides of the leaf well developed stereome occurs for the
purpose of protection.
The mesophyll (tnes) consists of elongated cells joining the
chlorophyll bearing parenchyma. Between the mestome
bundles surrounded by the mesophyll, we have colorless
parenchyma.
PANICUM PROLIFERUM.
In this species the epidermal cells are much smaller than in
P. capillare, and the conical projections (c p
) are found more
9
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strongly developed only on the upper surface of the leaf; they
are much more numerous than in P. capillare, but not nearly
so sharply defined. The cuticle (c) is not so strongly developed
as in P. capillare.
The bulliform cells vary from two to five, usually consisting
of one large or two large central cells. The leaf is not so
strongly involute in this species, but the bulliform cells (b)
extend farther down into the mesophyll (mes) than in P.
capillare.
The carene (c1) has one mestome bundle (m), which is open
at the lower side. There are from forty to forty-five mestome
bundles in the leaf, the median being the largest. On either
side of the carene are five small mestome bundles entirely
closed , then occurs a secondary bundle on each side resembling
the carene, only much smaller. The leptome is separated
from the hadrome in the carene by thick- walled parenchyma
cells (p).
The mestome bundles are of two types; first, such as are
open below, and second, those that are entirely closed. The
closed are much more numerous than the open; only six or
seven open in the whole leaf. The leptome (1) and hadrome
(h) are not well developed in the small bundles.
The mesophyll consists of elongated and somewhat loosely
arranged cells of variable size. One larger surrounds the
chorophyll bearing (cbp) parenchyma cells and comes in con
tact with the stereome (st); the space between the mestome
bundles and beneath the bulliform cells is also filled with
them.
The stereome is found on the lower side of all bundles, in
contact with the parenchyma and epidermis, and also on the
upper surface of all the larger mestome bundles.
PANICUM CRUS GALLI.
The most obvious difference between P. crus-galli and P.
capillare is that in this species the leaf is not involute; the
epidermal cells (e) are large; the cell wall and cuticle (c) is not
so strongly developed but conical projections are found on both
surfaces of the leaf.
The carene has one mestome bundle (m). It differs from
the other species studied in that the stereome is not in direct
contract with the leptome (1) and hadrome (h) but is separated
from them by two rows of thick walled parenchyma (p), while
the leptome and hadrome are in direct contact with each other.
10
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The mestome bundles are of two types; first, those that
resemble the open bundles of other species, only that in this
case they are surrounded by thick walled parenchyma outside
of which, on two sides occur the chlorophyll bearing paren
chyma cells (c b p); second, those that are entirely closed.
The mestome bundles are differently arranged in this species,
a small mestome bundle occurs beneath the bulliform cells,
this bundle is smaller than the one occurring between the bulli
form cells, but is of the same type. Surrounding the bundles
of the first type are small chlorophyll bearing cells and more
numerous than in the other species studied. The chlorophyll
bearing parenchyma cells surrounding those of the second type
are larger than those of the first type, but not as large as those
of the other type. In this species the leptome and hadrome
are in immediate contact while thick walled parenchyma cells
surround both.
The stereome is found on the upper and lower surface of all
mestome bundles of the first type and separated from leptome
and hadrome by thick walled parenchyma. Stereome does not
occur around the mestome bundles beneath the bulliform cells.
The mestome bundles between the bulliform cells are always
closed below and sometimes entirely so.
The mesophyll consists of both elongated and round cells
border ing on the chlorophyll bearing parenchyma.
COMPARISON.
A comparison of the two genera shows that in the genus
Sporobolus the cuticle and cell walls are much more strongly
developed than in the genus Panicum.
The mestome bundles in Panicum are more numerous than
in Sporobolus. The epidermal cells in Sporobolus are uniform
m size, in Panicum variations occur in different species, while
in P. crus-galli, the epidermal cells on both sides of the median
nerve are smaller than elsewhere on the leaf.
The bulliform cells are larger and more numerous in Sporo
bolus than in Panicum.
CONCLUSIONS.
We feel safe in concluding from our study of these genera
that the anatomical characters are marked and constant enough
to readily enable one to distinguish the species, and along with
the work of others it shows that anatomical characters may be
used as a basis for the separation of genera and some species.
11
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EXPLANATION OF PLATE VI.
In all figures the same letter is used for the same character — c, cuticle;
e, epidermis; st, stereome; m, mestome; c b p, chlorophyll bearing paren
chyma; b, bulliform cells; mes, mesophyll; h, hadrome; 1, leptome; c p,
conical projections. All figures drawn with camera to the same scale.
General drawings 1 inch objective; detailed drawings f inch objective.
Figures I, II, III, Sporobolus heterokpis.
" IV, V, " vaginseflorus.
" VI, " Hookeri.
" VII, VIII, " cryptandrus.
" IX, X, Panicum proliferum.
" XI, XII, " capillare.
XIII, XIV, " Crus-galli.
A COMPARATIVE STUDY OF THE SPORES OF NORTH
AMERICAN FERNS.
BY C. B. WEAVER.
Ferns have been objects of interest to botanists and culti
vators; they have therefore been studied more than many of
the flowering plants. Their simple structure and the apparently
well defined limitation of species has rendered them easier for
purposes of study than many of the groups of Phaenogams.
The purpose of this paper is to make a small contribution
toward our knowledge concerning the spore characters of the
different genera and species of North American ferns.
The measurements of a few spores are here given :
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